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(57) According to a field ground fault detector, a 
predetermined resistor is connected in series to 
a predetermined DC voltage. A DC voltage is 
applied between an N electrode side field circuit 
of a generator and a ground through the resis- 
tor. A voltage applied between terminals of the 
resistor is input to a low-pass fitter. A voltage 
applied between the N electrode side field cir- 
cuit and the ground is input to another low-pass 
filter. Output voltages of the low-pass filters are 
input to a level ratio determining circuit. The 
level ratio determining circuit outputs the deter- 
mined result of the ground fault to the outside 
of the field ground fault detector corresponding 
to these voltages. Thus, even if the DC voltage 
varies or a higher harmonic voltage takes place 
in a generator of a thyristor exciting type, it 
does not affect the detecting sensitivity of the 
ground fault 



FIG. 1 



EXCITING 
CIRCUIT 



© 



X 



✓ 3-1 



LPF 




LEVEL 
RATIO 

DETERMINING 
CIRCUIT 




LPF 





3-2 



a. 

UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 671 632 A2 



2 



The present invention relat s to a field ground 
fault detector and field ground fault relay for detecting 
a ground fault of a f ield circuit of a g nerator (including 
a generating motor), in particular, to a field ground 
fault detector for supplying a pred termined DC cur- 
rent so as t detect a ground fault. 

In a conventional field ground fault detector, a 
predetermined DC voltage is applied between an N 
side and a ground side of a field circuit of a generator 
through a resistor. By detecting the amount of the cur- 
rent that flows at output terminals, a ground fault is de- 
tected. 

Next, with reference to Fig. 19, constructions of 



thereof will be described. 

In Fig. 19, a field coil B generates a magneticflux 
that magnetizes a generator A. A positive electrode P 
and a negative electrode N are disposed at an upper 
position and a lower position of the field coil B, re- 
spectively. 

The field ground fault relay 10 (having a detector 
function) is directly connected between the field cir- 
cuit (that includes a field coil B and a field breaker F) 
and the ground so as to determine whether or not a 
ground fault takes place in the field circuit. 

In addition, the field ground fault relay 10 has an 
internal power supply so as to detect a ground fault in 
such a condition that the generator Astops orthe field 
breaker F is open (namely, even if a voltage source 
that causes a ground fault current I to flow in the field 
circuit is not provided). 

The internal power supply is a DC power supply 
1 so as to detect an insulation resistance (namely, a 
DC resistance) of the field circuit without an influence 
of a stray capacity formed between the field circuit 
and the ground. 

When a ground fault takes place in the condition 
that the insulation resistance of the field circuit is sat- 
isfactorily high, a ground fault current I that flows from 
the DC power supply 1 1n the field ground fault relay 
to the ground fault relay is very weak. However, when 
the insulation resistance of the field circuit decreases 
or a ground fault takes place, the ground fault current 
I that flows from the field ground fault relay 10 de- 
pends on the voltage of the DC power supply 1 , an In- 
ternal resistor 2 of the relay, and a ground fault resis- 
tor 12. In comparison with the condition that the insu- 
lation resistance is satisfactorily high, the ground fault 
current I is remarkably high. 

The conventional field ground fault relay 10 is 
constructed due to the fact that the insulation resis- 
tance remarkably varies depending on whether or not 
a ground fault of the field circuit takes place and there- 
by the ground fault current I that flows from the field 
ground fault relay correspondingly varies. 

In other words, as described abov , the conven- 
tional field gr und fault relay 10 has the internal DC 
power supply 1 , which causes the ground fault current 



I to flow, so as to prevent the relay 10 from being af- 
fected by the field voltag . The resistor 2, a rectifi r 
13, and a level detecting circuit 14 are connected in 
series between the field circuit and the DC power sup- 
5 ply 1. 

The resistor 2 limits a ground fault current when 
a ground fault takes place between the field circuit 
and the ground. In addition, the resistor 2 controls a 
current that flows in the field ground fault relay 10 
10 when an invert voltage of the inner power supply of 
the relay is applied from the outside of the relay. 

The rectifier 13 limits the flowing direction of the 
current In addition, the rectifier 13 protects the inner 
T drouit*of«theif f ie^ 



15 verse voltage applied from the field circuit to the field 
ground fault relay. 

The field ground fault relay 1 0 detects the amount 
of the ground fault current that flows to a ground fault 
point of the field circuit from the field ground fault re- 
20 lay 1 0 corresponding to an output of a level detecting 
circuit 14 and determines whether or not a ground 
fault takes place. In addition, to prevent the relay from 
supplying the current in the condition that the insula- 
tion of the field circuit continues for a short time, the 
25 field ground fault relay 1 0 provides an operation time 
delay circuit 15 as a timer for detecting the continu- 
ance of the ground fault state. Thus, when the field 
ground fault relay 10 is connected to the field circuit, 
the operation time delay circuit 15 prevents the field 
30 ground fault relay from unnecessarily operating 
against a transient current that flows in a ground ca- 
pacitor 11 formed between the field circuit and the 
ground (namely a stray capacitor). 

An auxiliary relay 16 outputs a contact output to 
35 an external sequence corresponding to the operation 
state of the relay. 

Next, a ground fault current that flows upon oc- 
currence of a ground fault in the field circuit will be de- 
scribed. 

40 When a ground fault takes place In the field circuit 
of the negative electrode N of the field coil B through 
the ground fault resistor 12, the insulation resistance 
between the field circuit and the ground decreases. 
In addition, a closed circuit of the DC power supply 1 

45 of the field ground fault relay 10, the resistor 2, the 
rectifier 13, the field circuit of the negative electrode 
N of the field circuit, the ground fault resistor 12, the 
ground, the level detecting circuit 14, and the DC pow- 
er supply 1 is formed. Thus, the ground fault current 

so I, which depends on the voltage of the DC power sup- 
ply 1 of the field ground fault relay 10, the resistor 2, 
and the ground fault resistor 12, flows. The level de- 
tecting circuit 14, which detects the level of the abso- 
lute value of the ground fault current I, determines 

55 wheth r or n t a ground fault takes place. Only when 
the operation of the level detecting circuit 14 contin- 
u sforatim p riod designated by the operati ntime 
delay circuit 1 5, the output of the field ground fault re- 
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lay 10 is supplied to the outside thereof and the field 
breaker F is shut off so as to stop the generator A. 

Figs. 20 and 21 shows the ground fault current I 
and an operational time chart of the conventional 
ground fault relay 10. With reference these charts, a 
time response of the field ground fault relay 10 will be 
described. 

The time chart of Fig. 20 shows a response of the 
field ground fault relay in the case that the field break- 
er F is open. When the field breaker F is open, only a 
DC power supply 1 of the field ground fault relay 10 
causes the ground fault current I to flow to the ground 
fault resistor 12. Thus, the ground fault current I that 
flows in the ground fault resistor has a DC current wa- 
veform that does not have a ripple component. This 
current is referred to as a flat current. 

Thus, the level detecting circuit 14 outputs an out- 
put signal 14A of the level detecting circuit 14 when 
the amount of the ground fault current I that flows in 
the ground fault resistor 12 of the field circuit exceeds 
a predetermined detecting level l 0 that has been des- 
ignated an occurrence of a ground fault 

The level detecting signal 14A is output to the op- 
eration time delay circuit 15 as a delay signal 15Ain 
which the output signal is delayed for a predetermined 
time period. In addition, the level detecting circuit 14 
outputs a signal 1 6A that causes an auxiliary relay 1 6 
to operate so as to shut off the field breaker F. 

Fig. 21 is a time chart showing a response of the 
field ground fault relay 10 in the case that the field 
breaker F is closed and an exciting current is applied 
to a field coil A. 

When the field breaker F is closed, the power 
supply that causes the ground fault current I to flow 
to the ground fault resistor 12 Is a composite voltage 
of the DC power supply 1 of the field ground fault relay 
1 0 and an induced voltage of a three-phase AC power 
supply that is obtained by varying the conduction an- 
gle of a thyristor. Thus, the ground fault current I that 
flows in the ground fault resistor has a current wave- 
form containing a ripple component as shown in Fig. 
21. 

Thus, the level detecting circuit 14 outputs an out- 
put signal 14A when the amount of the ground fault 
current I exceeds the predetermined detecting level 
l 0 . However, the output signal 14Ahas an intermittent 
waveform. 

Since the level detecting signal 14A is input to the 
operation time delay circuit 1 5 and output as the delay 
signal 1 5A in which the output signal Is delayed for the 
predetermined time period, the output signal 15Aof 
the operation time delay circuit 15 is zero (namely, an 
output that causes the auxiliary relay 16 to operate is 
not generated). Thus, the field ground fault relay 10 
and the field breaker F do not operate. 

As a result even if a ground fault takes place, the 
field ground fault relay does not operate. 

Thus, according to the above-described related 



art reference, since the occurrenc of the ground fault 
is determined corresponding to only th amount of the 
current that flows at the output terminals, when the 
predetermined DC voltage varies, the detecting sen- 

5 sitivity of the ground fault varies. 

In addition, when the amount of the current is de- 
termined by detecting the peak value thereof, in a 
generator field circuit of a thyristor exciting type, as 
shown in Fig. 21, a higher harmonic voltage takes 

10 place other than the DC voltage. Thus, the higher har- 
monic voltage is induced to the output terminals of th 
field ground fault detector due to the stray capacitor. 
Consequently, the current that flows at the output ter- 
minals becomes an intermittent current, thereby inter- 

15 mittently detecting a ground fault 

Thus, even if a ground fault takes place, it cannot 
be properly detected. To solve this problem, a restor- 
ation delay circuit using a timer may be disposed 
downstream of the operation time delay circuit 15. 

20 However, in this case, the current that flows in th 
stray capacitor causes a ground fault to be incorrectly 
detected. 

The present invention is made so as to solve the 
above-described problems. A first object of the pres- 
25 ent invention is to provide a field ground fault detector 
for detecting a ground fault with a sensitivity that is 
not affected by an variation of a predetermined DC 
voltage. 

A second object of the present invention is to pro- 

30 vide a field ground fault detector applied for a field cir- 
cuit of a generator of a thyristor exciting type with a 
high performance that is free from an incorrect detec- 
tion and a non-detection of a ground fault 

A third object of the present invention is to provid 

35 a field ground fault detector that can determine the 
position at which a ground fault takes place. 

A fourth object of the present invention is to pro- 
vide a field ground fault detector that can measure the 
resistance of a ground field resistor. 

40 To solve such problems, a first aspect of the pres- 
ent invention is a field ground fault detector for detect- 
ing a ground fault of a field circuit connecting a field 
winding of a generator and an exciting circuit, com- 
prising a DC voltage source connected between a 

45 negative electrode of the field circuit and a ground 
through a predetermined resistor, a means for ex- 
tracting a DC component corresponding to a current 
amount or a voltage amount supplied from a circuit 
constructed of the resistor and the DC voltage 

so source, and a means for detecting a ground fault cor- 
responding to the DC component 

A second aspect of the present invention is a field 
ground fault detector for detecting a ground fault of a 
field circuit conn cting a field winding of a g n rator 

55 and an exciting circuit, comprising a DC voltage 
source connected between a negative electrod of 
th f ield circuit and a gr und through a pr determin d 
resistor, a first filter circuit for extracting a DC voltage 
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from a voltage applied between both terminals of th 
resistor, a second filter circuit for extracting a DC vol- 
tage from a voltage applied betwe n a negative elec- 
trode side of the field circuit and the ground, and a de- 
termining circuit for determining whether or not a 5 
ground fault takes place corresponding to the ratio of 
an output voltage of the first filter circuit and an output 
voltage of the second filter circuit 

A third aspect of the present invention is a field 
ground fault relay for determining a ground fault of a 10 
field circuit connecting a field winding of a generator 
and an exciting circuit, comprising a DC power supply 
circuit connected between a negative electrode side 



mined resistor, a calculating circuit for calculating an 15 
average value or an effective value of a current that 
flows in the DC power supply circuit and outputting 
the average value or the effective value, a level de- 
tecting circuit for generating an output when an output 
of the calculating circuit exceeds a predetermined 20 
ground fault current detecting level, an operation de- 
lay circuit for generating an output when an output of 
the level detecting circuit continues for a predeter- 
mined time period, and an output circuit for inputting 
an output of the operation delay circuit and outputting 25 
a shut-off command or an alarm command. 

According to the present invention, since a DC 
component is extracted from a ground fault current 
that flows in the DC voltage source and a ground fault 
is determined corresponding to the extracted DC 30 
component, even if the DC voltage varies due to the 
exciting circuit, it does not affect the detecting sensi- 
tivity of the ground fault without problems of incorrect 
detection and non-detection of the ground fault. 

These and other objects, features and advantag- 35 
es of the present invention will become more appa- 
rent in light of the following detailed description of a 
best mode embodiment thereof, as illustrated in the 
accompanying drawings. 

Fig. 1 is a schematic diagram showing a con- 40 
struction of a field ground fault detector accord- 
ing to the present invention; 
Fig. 2 is a schematic diagram showing a con- 
struction of a field ground fault detector accord- 
ing to a first embodiment of the present Invention; 45 
Fig. 3 is a schematic diagram showing a circuit 
construction of a filter according to the present in- 
vention; 

Fig. 4 is a schematic diagram showing input and 
output waveforms of the filter according to the so 
present invention; 

Fig. 5 is a schematic diagram showing a con- 
struction of a field ground fault detector accord- 
ing to another embodiment of the present inven- 
tl n; 55 
Fig. 6 is a schematic diagram showing a con- 
struction of a field ground fault detector accord- 
ing to another embodiment of the present inven- 



tion; 

Fig. 7 is a schematic diagram showing a con- 
struction of a field ground fault detector accord- 
ing to another embodiment of the present inven- 
tion; 

Fig. 8 is a schematic diagram showing a con- 
struction of a field ground fault detector accord- 
ing to another embodiment of the present inven- 
tion; 

Fig. 9 is a schematic diagram showing a con- 
struction of a field ground fault detector accord- 
ing to another embodiment of the present inven- 
tion; 

■Eio^lOMiSfatSchematic^ dia gram^shawing^^cqn^ 



struction of a field ground fault detector accord- 
ing to another embodiment of the present inven- 
tion; 

Fig. 11 is a schematic diagram showing a con- 
struction of a field ground fault relay according to 
the present invention; 

Fig. 12 is a schematic diagram showing a signal 
output of a field ground fault relay according to 
the present invention; 

Fig. 13 is a schematic diagram showing a con- 
struction of a field ground fault relay according to 
another embodiment of the present invention; 
Fig. 14 is a schematic diagram showing a con- 
struction of a f ield ground fault relay according to 
another embodiment of the present invention; 
Fig. 15 is a schematic diagram showing a con- 
struction of a field ground fault relay according to 
another embodiment of the present invention; 
Fig. 16 is a schematic diagram showing a con- 
struction of a field ground fault relay according to 
another embodiment of the present invention; 
Fig. 17 is a schematic diagram showing a con- 
struction of a field ground fault relay according to 
another embodiment of the present invention; 
Fig. 18 is a schematic diagram showing a con- 
struction of a field ground fault relay according to 
another embodiment of the present invention; 
Fig. 19 is a schematic diagram showing a con- 
struction of a conventional field ground fault re- 
lay; 

Fig. 20 is a schematic diagram showing a signal 
output of the conventional field ground relay; and 
Fig. 21 is a schematic diagram showing a signal 
output of the conventional field ground relay. 
First, with reference to Fig. 1 , a field ground fault 
detector according to an embodiment of the present 
invention will be described. 

As shown in Fig. 1 , the field ground fault detector 
detects a ground fault of a field circuit of a generator. 
The field circuit is composed of a field winding 8 of a 
generat r A, an exciting circuit C, a P (positive elec- 
trode) side field circuit D, and an N (negative elec- 
trod ) side field circuit E (these circuits connect the 
exciting circuit C and the field winding B of the gen- 
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erator). 

In the field ground fault detector, a resistor 2 is 
connected in series to a predetermined DC voltage 
source 1. The DC voltage source 1 suppli s a DC vol- 
tage between the N side field circuit E and the ground 
through the resistor 2. The voltage applied between 
both terminals of the resistor 2 is supplied to a low- 
pass filter 3-1. The voltage applied between the N 
side field circuit E and the ground is supplied to a low- 
pass filter 3-2. The output voltages of the low-pass fil- 
ters 3-1 and 3-2 are supplied to a level ratio determin- 
ing circuit 4. The level ratio determining circuit 4 out- 
put a determined result of a ground fault to the outside 
of the field ground fault detector corresponding to 
these voltages. 

When a ground fault takes place in the N side field 
circuit E, a current of which the DC voltage of the DC 
voltage source 1 is divided by the sum of the resis- 
tance of the resistor 2 and the resistance of a ground 
fault resistor flows. The voltage applied between the 
N side field circuit E and the ground is the product of 
the current and the resistance of the ground fault re- 
sistor. The voltage applied to both terminals of the re- 
sistor 2 is the product of the current and the resistance 
of the resistor 2. In other words, the voltage applied 
to both the terminals of the resistor 2 is proportional 
to the resistance of the resistor 2. The voltage applied 
between the N side field circuit E and the ground is 
proportional to the resistance of the ground fault re- 
sistor. 

The voltage applied to both the terminals of the 
resistor 2 is a DC voltage due to the presence of the 
low-pass filter 3-1. The voltage applied between the 
N side field circuit E and the ground is a DC voltage 
due to the presence of the low-pass filter 3-2. The lev- 
els of the DC voltages are compared by the level ratio 
determining circuit 4. Since the level ratio is the ratio 
of a voltage proportional to the known resistance of 
the resistor 2 and a voltage proportional to the resis- 
tance of the ground fault resistor, the level ratio Is pro- 
portional to the resistance of the ground fault resistor. 

As a criterion of the determination of the level ra- 
tio, the resistance of the resistor 2 is known. Thus, 
when the resistance of the ground fault resistor to be 
detected is n times as low as or lower than the resis- 
tance of the resistor 2, it is determined that a ground 
fault takes place. In other words, when the DC voltage 
applied between the N side field circuit E and the 
ground through the low-pass filter 3-2 is n times as 
low as or lower than the DC voltage applied to both 
the terminals of the resistor2 through the low-pass fil- 
ter 3-1 , it is determined that a ground fault takes place 
and the detected result is output to the outside. 

Basically, DC voltages are applied between both 
the terminals f the resistor 2 and b tw entheNsid 
field circuit E and the ground. When the exciting cir- 
cuit C is f a thyristor exciting type, a high r harmonic 
voltage is generated along with the DC voltages. An 



AC voltage is inducted by a stray capacitorformed be- 
twe n the N side field circuit E and th ground. Due 
to the induced AC voltage, AC currents flow in the r - 
sistor 2 and the ground fault resistoralong with the DC 

5 current Thus, the voltages applied between both the 
terminals of the resistor 2 and the voltage applied be- 
tween the N side field circuit E and the ground are not 
perfect DC voltages. To determine the level ratio of 
these voltages, the low-pass filters 3-1 and 3-2 are 

10 used. 

When a ground fault takes place in the P side field 
circuit D and the field winding B of the generator, the 
current of which the sum of the excited voltage at the 
ground fault point and the DC voltage of the DC vol- 
ts tage source 1 is divided by the sum of the resistance 
of the resistor 2 and the resistance of the ground fault 
resistor. The voltage applied between both the termi- 
nals of the resistor 2 is the product of the current and 
the resistance of the resistor 2. The voltage applied 

20 between the N side field circuit E and the ground is 
obtained by subtracting the excited voltage at the 
ground fault point from the product of the current and 
the resistance of the ground fault resistor, in other 
words, the ratio of the voltage applied between both 

25 the terminals of the resistor 2 and the voltage applied 
between the N side field circuit E and the ground is 
not equal to the ratio between the resistance of the re- 
sistor 2 and the resistance of the ground fault resistor. 
The voltage applied between the field circuit E and 

30 the ground decreases by the excited voltage at the 
ground fault point Thus, the ground fault that takes 
place at the P side field circuit D and the field winding 
B of the generator can be detected with higher sensi- 
tivity than a ground fault that takes place at the N side 

35 field circuit E. 

Next, with reference to Fig. 2, the construction of 
a field ground fault detector according to an embodi- 
ment of the present invention will be described. 
In the field ground fault detector shown in Fig. 2, 

40 the level ratio determining circuit 4 shown In Fig. 1 1s 
constructed of a dividing circuit 4-1 and a level deter- 
mining circuit 4-2. The voltage supplied from the low- 
pass filters 3-1 and 3-2 are output to the dividing cir- 
cuit 4-1. The output of the dividing circuit 4-1 is sup- 

45 plied to the level determining circuit 4-2. The level de- 
termining circuit 4-2 outputs the determined result of 
a ground fault to the outside of the field fault detector. 

Next, the operation of the field ground fault detec- 
tor will be described. 

so When a ground fault takes place in the N side 
field circuit E, a current of which the voltage of the DC 
voltage source 1 is divided by the sum of the resis- 
tance of the resistor 2 and the resistance of the 
ground fault r sistor. Th voltag applied between the 

55 N side fi Id circuit E and th ground is the product of 
the current and the ground fault resistor. The voltage 
applied betw en b th th terminals f the resist r 2 
is the product of the current and the resistance of the 
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resistor 2. In other words, the voltage applied be- 
tw en both the terminals f the resistor 2 is propor- 
tional to the resistanc of the resistor-2. The voltage 
applied between the N side field circuit E and the 
ground is proportional to the resistance of the ground 
fault resistor. The voltage applied between the N side 
field circuit and the ground is denoted by V, and the 
voltage applied between both the terminals of the re- 
sistor 2 is denoted by V 2 . and V 2 can be represent- 
ed by the following equations. 



-• R 



(R + Rg)"^' <R + R 9> 
where R is the resistance of the resistor 2; Rg is the 
resistance of the ground faultresistor^ana' V is the DC 
voltage of the DC voltage source 1. 

The voltage V 2 applied between both the termi- 
nals of the resistor 2 is a DC voltage due to the pres- 
ence of the low-pass filter 3-1. The voltage V, applied 
between the N side field circuit E and the ground is a 
DC voltage due to the presence of the low-pass filter 
3-2. The voltages Vi and V 2 are supplied to the divid- 
ing circuit 4-1 . The dividing circuit 4-1 divides the DC 
voltage V 1 applied between the N side field circuit E 
and the ground through the low-pass filter circuit 3-2 
by the DC voltage V 2 applied between both the termi- 
nals of the resistor 2 through the low-pass filter 3-2. 
The level ratio of vy V 2 is determined by the level de- 
termining circuit 4-2. 

Since the resistance of the ground fault resistor 2 
that is used as a criterion for the level determination 
is known, the resistance of the ground fault resistor to 
be detected is n times as low as or lower than the re- 
sistance of the ground fault resistor, it is determined 
that a ground fault takes place. In other words, when 
the ratio V,/V 2 of the output voltage of the dividing cir- 
cuit 4-1 is equal to or lower than n (where V1N2 ^ n), 
the level determining circuit 4-2 determines that a 
ground fault takes place and outputs the determined 
result of the ground fault to the outside of the field 
ground fault detector. 

Fig. 3 shows an example of circuit constructions 
of the low-pass filters 3-1 and 3-2. 

This circuit is a tertiary low-pass filter construct- 
ed of resistors 3a t capacitors 3b, and an arithmetic 
amplifier 3c. When the cut-off frequency is 10 Hz or 
less, AC components of 100 Hz or higher contained 
in an input voltage V, N are attenuated to -60 dB or 
less. The DC component is not attenuated and output 
as an output voltage V 0U t. ^9- 4 shows an example 
of input and output waveforms of the low-pass filters 
3-1 and 3-2. The input voltage V iN contains an AC vol- 
tage with a frequency six times higher than the fre- 
quency of the commercial AC voltage and a DC vol- 
tage. The AC voltage is excited by a thyristor. The out- 
put v ItageVouT'saDCvoltag f which th AC com- 
ponent of the input voltage V, N is removed. The con- 
struct ns f the low-pass filters are not limit d to 
those shown in Fig. 3. Instead, as long as the low- 



pass filters remove the above-described AC voltage 
component, any construction may be used. 

According to this embodiment, since the resis- 
tance ratio of the resistance of a predetermined resis- 

5 tor and the resistance of the ground fault resistor is 
obtained corresponding to the ratio of the voltage ap- 
plied between both the terminals of the resistor and 
the voltage applied between both terminals of the 
ground fault resistor, the resistance of the ground fault 

10 resistor is obtained corresponding to the predeter- 
mined resistance. Thus, even if the DC voltage of the 
DC voltage source 1 varies due to any cause, the de- 
tecting sensitivity of the ground fault can be kept con- 
stant. 

15 When the present invention is applied for a field 
circuit of a generator of a thyristor exciting type, since 
the low-pass filters are used in a DC voltage extract- 
ing circuit, a field ground fault detector with high per- 
formance that is not affected by a higher harmonic 

20 voltage contained in the excited voltage and that is 
free of incorrect detection and non-detection can be 
accomplished. 

The DC voltage extracting circuit that extracts a 
DC voltage from the voltage applied between both 

25 terminals of a predetermined resistor and the voltage 
applied between both terminals of the ground fault re- 
sistor (the voltage between the N side field circuit E 
and the ground) is not limited to the low-pass filters. 
Instead, any circuit that can extract the DC compo- 

30 nent can be used. 

The present invention is not limited to the above- 
described embodiment. Instead, the following modi- 
fications are available. 

(1) The division of the dividing circuit 4-1 shown 
35 In Fig. 2 is performed by dividing the DC voltage 

V 2 applied between both the terminals of the re- 
sistor 2 through the low-pass filter 3-1 by the DC 
voltage V 1 applied between the N side field circuit 
E and the ground through the low-pass filter 3-2. 

40 Whe n the voltage level that is output from the div- 
iding circuit 4-1 is equal to or higher than a pre- 
determined level (Vz/Vi £ 1/n), the level deter- 
mining circuit 4-2 determines that a ground fault 
takes place. Thus, the same effect as the above- 

45 described embodiment can be accomplished. 

(2) As shown in Fig. 5, the DC voltage V 2 applied 
between both terminals of the resistor 2 through 
the low-pass filter 3-1 is amplified to a predeter- 
mined level by an amplifying circuit 4-3. A level 

50 comparing circuit 4-4 compares a DC voltage 
nAv 2 that is output from the amplifying circuit 4- 
3 and the DC voltage V, applied between the N 
side field circuit E and the ground. When the am- 
plified voltage of the amplifying circuit 4-3 is 

55 equal to or higher than the DC voltage applied be- 
tween the N side field circuit E and the ground 
through th low-pass filter 3-2 (nAV 2 £ V1), the 
level comparing circuit 4-4 determines that a 
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ground fault takes place. Thus, the same effect 
as the abov -described emb diment can be ac- 
complished. 

When the determining criterion of a ground 
fault is n times lower than the resistance of the s 
register 2, the amplitude of the amplifying circuit 
4-3 is n. 

(3) As shown in Fig. 6, an amplifying circuit 4-3 
is disposed between the 4ow-pass filter 3-2 and 

the level comparing circuit 4-4. The amplifying w 
circuit 4-3 amplifies the DC voltage V, applied be- 
tween the N side field circuit E and the ground 
with a predetermined amplitude. When the DC 
voltage applied between both terminals of the re- 
sistor 2 through the low-pass filter 3-1 is equal to 15 
or higher than the DC voltage supplied from the 
amplifying circuit 4-3(V22: Vyn), the level com- 
paring circuit 4-4 determhes that a ground fault 
takes place. Thus, the same effect as the above- 
described embodiment can be accomplished. 20 

When the determining criterion of a ground 
fault is n times as low as or lower than the resis- 
tance of the resistor 2. the amplitude (attenua- 
tion) of the amplifying csmat 4-3 is 1/n. 

(4) As shown in Fig. 7, a tevel determining circuit 25 
5 is provided. The DC vottage applied to both ter- 
minals of the resistor 2thnjugh the low-pass filter 

3-1 is input to the level <tetermining circuit 5. 
When the voltage level of the low-pass filter 3-1 
is equal to or higher than a predetermined level, 30 
the level determining crarit 5 determines that a 
ground fault takes place si the P side field circuit 
or the field winding of fee generator other than 
the N side field circuit E Thus, the level determin- 
ing circuit 5 outputs as&na! that represents the 35 
position of the ground fault to the outside. 

When a voltage that exceeds the level of the 
DC voltage of the DC voltage source 1 is input to 
the level determining drcui 5, it determines that 
a ground fault takes place in a portion other than 40 
the N side field circuit £. 

In other words, when a ground fault takes 
place in the P side field circuit D or the field wind- 
ing B of the generator, the^xcited voltage of the 
field circuit is applied between the N side field clr- 45 
cuit E and the ground through the ground fault re- 
sistor. 

In this case, since apfajs voltage is applied 
to the ground based on the M side exciting circuit 
E, the polarity of the N sideexcitlng circuit E Is the 50 
same as that of the DC voltage of the DC voltage 
source 1. A voltage applied bet ween both the ter- 
minals of the resistor 2 is denoted by V 2 . V 2 is rep- 
resented by the following equation. 

Vz "(RT^ xR 

where R is th resistance of the r sistor 2; Rg is the 



resistance of the ground fault resistor; V is the DC vol- 
tage; and V F is the excited voltage at the ground fault 
point based on the N sid field circuit E. 

When a ground fault takes place in the N side 
field circuit E, the relation of V 2 ^ V is satisfied. 
On the other hand, when a ground fault takes 
place in the P side field circuit D or the field wind- 
ing B of the generator, the relation of V 2 ^ (V + V F ) 
is satisfied. Thus, when the following determining 
expression is satisfied, it is determined that a 
ground fault takes place in a portion other than 
the N side field circuit E. - 

Determining expression : V 2 > V 

(5) As shown in Fig. 8, an input of the level deter- 
mining circuit 5 is an output voltage of the low- 
pass filter 3-2. When a DC voltage applied be- 
tween the N side field circuit E and the ground 
through the low-pass filter 3-2 is equal to or less 
than a predetermined level, it is determined that 
a ground fault takes place in the P side field circuit 
D or the field winding B of the generator other 
than the N side field circuit Thus, a signal that 
represents the position of the ground fault is out- 
put to the outside. 

When a negative voltage Is input, the level 
determining circuit 5 determines that a ground 
fault takes place in a portion other than the N side 
field circuit E. 

In other words, when a ground fault takes 
place in the P side field circuit D or the field wind- 
ing B of the generator, an excited voltage of the 
exciting circuit is applied between the N side field 
circuit E and the ground through the ground fault 
resistor. - 

In this case, since a plus voltage Is applied 
to the ground, the polarity of the N side field cir- 
cuit E is the same as the polarity of the DC vol- 
tage 1 . A voltage applied between the N side field 
circuit E and the ground is denoted by V,. V, is 
represented by the following equation. 

Vl =^LM X Rg-V F 

(R + Rg) 

where R Is the resistance of the resistor 2; Rg is the 
resistance of the ground fault resistor; V is the DC voi- 
tage; and V F is the excited voltage at the ground fault 
point based on the N side field circuit E. 

When a ground fault takes place in the N side 
field circuit E, the relation of Vi £ is satisfied. On 
the other hand, when a ground fault takes place 
in the P side field circuit D or the field winding B 
of the generator, the relation of Vt £ -V F is satis- 
fied. Thus, when the following determining ex- 
pression is satisfied, it is determined that a 
ground fault takes plac in a porti n other than 
the N side field circuit E. 

Determining expression : V, < 0 

(6) As shown in Fig. 9, a I velrati m asuringcir- 
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cuit 6 is added to the construction shown in Fig. 
1. The level ratio measuring circuit 6 inputs the 
voltage applied between both the terminals of the 
resistor 2 through the low-pass filter 3-1 and the 
DC voltage applied between the N side field cir- 
cuit E and the ground through the low-pass filter 
3-2 and outputs a signal corresponding to these 
voltages. Thus, the level ratio measuring circuit 6 
outputs a signal proportional to the resistance of 
the ground fault resistor. Thus, a f ield ground fault 
detector having a function of measuring the resis- 
tance of the ground fault resistor can be accom- 
plished. 



can be accomplished. 

Next, with reference to the accompanying draw- 
ings, a field ground fault relay according to an m- 
bodimentof the pres nt invention will be described. 
5 Fig. 11 is a schematic diagram showing a con- 
struction of a field ground fault relay 20 according to 
an embodiment of the present invention. 

As shown in Fig. 11, the field ground fault relay 
20 is connected in series between the negative elec- 
w trode N side of the field circuit and the ground. The 
field ground fault relay 20 comprises a DC power sup- 
ply 1 , a resistor 2, a rectifier 13, an average value cal- 
culating circuit 21, a level detecting circuit 22, an op- 
.erationitiip^ 



the resistance of the ground fault resistor along 
with the logic output of detected ground fault cor- 
responding to the predetermined ground fault de- 
tecting level. Thus, before detecting a ground 
fault, the field ground fault detector can output 
any level alarm corresponding to the resistance 
of a normal insulation resistor. 

In addition, the field ground fault detector 
can determine a ground fault mode correspond- 
ing to a variation of the resistance of the ground 
fault resistor. 

(7) As shown in Fig. 10 f the voltage applied be- 
tween both the terminals of the resistor 2 (this 
voltage is denoted by V2) and the voltage applied 
between the N side field circuit E and the ground 
(this voltage is denoted by V,) are directly input 
to the level ratio comparing circuit 4. The level ra- 
tio determining circuit 4 determines the ratio of 
the levels of the voltage applied between both the 
terminals of the resistor 2 and the voltage applied 
between the N electrode side field circuit E and 
the ground. Thus, according to this embodiment, 
when a ground fault of the field circuit is detected, 
the ratio of the resistance of a predetermined re- 
sistor and the resistance of the ground fault resis- 
tor Is obtained corresponding to the ratio of the 
voltage applied between both the terminals of the 
predetermined resistor and the voltage applied 
between both terminals of the ground fault resis- 
tor so as to obtain the resistance of the ground 
fault resistor. 

Thus, even if the DC voltage varies due to 
any cause, the detecting sensitivity of the ground 
fault can be kept constant In particular, since the 
level ratio determining circuit 4 determines the 
level with predetermined operation-restoration 
delay time periods, even if the input voltage of the 
level ratio determining circuit 4 contains an AC 
component, the output of the level ratio determin- 
ing circuit 4 is prevented from being intermittent. 
Thus, the same effect as the construction shown 
in Fig. 1 can be accomplished. For determining 
the rati f levels, the modif icati n examples (1 ) 
to (6) can be applied and the same effects thereof 



15 Next, the average value calculating circuit 21 will be 
described in detail. 

When a three-phase AC voltage is rectified into 
a DC voltage and excited by varying the conduction 
angle of a thyristor, a higher harmonic component is 
20 generated. The higher harmonic component normally 
has a frequency six times higher than the basic fre- 
quency of the three-phase AC power supply. Depend- 
ing on the rectifying type, the frequency of the higher 
harmonic component varies to some extent. 
25 From a result of waveform analysis of a measured 
ground fault current, it is known that the main compo- 
nent thereof has a frequency six times higher than the 
rated frequency. 

Since the distortion component of the ground 
30 fault current has a frequency six times higher than the 
rated frequency, when this distortion component is 
decreased or removed, the DC current I correspond- 
ing to the voltage of the DC power supply 1 of the re- 
lay, the inner resistor 2 of the relay, and the ground 
35 fault resistor 12 can be extracted 

Next, with reference to a time chart of Fig. 12, the 
operation (time response) of the field ground fault re- 
lay 20 according to the present invention will be de- 
scribed. 

40 When a ground fault takes place In the field cir- 
cuit, as shown in Fig. 12, the waveform of the ground 
field current I is very distorted. 

The average value calculating circuit 21 extracts 
the average current from the distorted ground fault 

45 current The average current that passes through the 
average value calculating circuit 21 is denoted by a 
current I'. The main component of the current T is a 
DC current of which a higher harmonic component 
with a frequency higher than the basic frequency is 

50 removed. 

An output signal 22A of the level detecting circuit 
22 that detects an absolute value of an output current 
of the average value calculating circuit 21 is a contin- 
uous output signal. 

55 In Fig. 12, l 0 represents a d tecting level (sensi- 
tivity) for detecting a ground fault. When the ground 
fault curr nt I' that xceeds th d tecting level l 0 is 
successively supplied to the operation time delay cir- 
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cuit 23, atrip command of the field breaker F (namely, 
a signal causing the breaker to be opened or a signal 
rep res nting an alarm) is output. 

As described above, according to the field ground 
fault relay of the present invention shown in Fig. 11, s 
even if it is applied for a field circuit of a thyristor direct 
exciting type using a thyristor rectifier, since the field 
ground fault relay operates with a DC average value, 
it is not largely affected by a field voltage. A field 
ground fault relay that operates corresponding to a 10 
DC resistance equivalent to the insulation resistance 
of the field circuit without a variation of the sensitivity 
can be accomplished. 

The present invention is not limited to the field 
ground fault relay according to the above-described is 
embodiment However, the present invention can be 
applied for the following modifications. 

(1) Fig. 1 3 shows a construction of a field ground 
fault relay according to another embodiment of 

the present invention. 20 

In this embodiment, an effective value of a 
ground fault current is calculated. It is determined 
whether or not the effective value exceeds a pre- 
determined level of the relay. In this embodiment, 
an effective value calculating circuit 25 is used in- 25 
stead of the average value calculating circuit 21 . 

The effective value calculating circuit 25 
squares an instantaneous value of an input cur- 
rent and then calculates the sum of the input cur- 
rent. Thereafter, the circuit 25 calculates the root 30 
of the sum. For example, when a basic wave is 
100 % and a higher harmonic wave is 50 %, the 
effective value calculating circuit outputs a higher 
harmonic wave that is compressed to 25 % in 
comparison with the basic wave of 100 %. Thus, 35 
the higher harmonic wave contained in the input 
current is reduced. In addition, the output current 
of the effective value calculating circuit 25 
against the ground fault current I whose wave- 
form is distorted has a waveform slmilarto that of 40 
a DC current. 

Thus, the output signal of the level detecting 
circuit 22 has a continuous waveform rather than 
an intermittent waveform of the conventional re- 
lay. Thus, the same effect as the above- 45 
described embodiment can be accomplished. 

In addition, even if the frequency varies, 
since the effective value does not vary, the relay 
can securely operate. 

(2) With reference to Fig. 14, a construction of a so 
field ground fault relay according to another em- 
bodiment of the present invention will be descri- 
bed. 

In this embodiment, both th av rag value 
calculating circuit 21 and the effective value cal- 55 
culating circuit 25 are provided. When one of the 
circuits 21 and 25 op rates, a relay output is ob- 
tained. 



In reality, the field ground fault relay com- 
prises an average value calculating circuit 21 , an 
ffective value calculating circuit 25, two level de- 
tecting circuits 22A and 22B, an OR circuit 26, an 
operation time delay circuit 23, and an auxiliary 
relay 24. 

(3) Fig. 15 shows a construction of a field ground 
fault relay according to another embodiment of 
the present invention. 

In this embodiment, both the average calcu- 
lating circuit 21 and the effective value calculat- 
ing circuit 25 are provided. In addition, an AND 
circuit 27 is provided. When both the level detect- 
ing circuits operate, the AND circuit 27 outputs a 
relay output Since two types of ground fault cur- 
rent detecting circuits that are based on different 
detecting theories are provided, the relay can se- 
curely operates. 

In reality, the field ground fault relay accord- 
ing to this embodiment comprises an average val- 
ue calculating circuit21, an effective value calcu- 
lating circuit 25, two level detecting circuits 22A 
and 22B, an AND circuit 27, an operation time de- 
lay circuit 23, and an auxiliary relay 24. 

(4) Fig. 16 shows a construction of a field ground 
fault relay according to another embodiment of 
the present invention. 

In this embodiment, two level detecting cir- 
cuits are provided. When the level detecting cir- 
cuits detect the same level, the detecting reliabil- 
ity can be improved as a redundant system. On 
the other hand, when the level detecting circuits 
detect a high level and a low level, they can be 
used for issuing an alarm and tripping the break- 
er. When the detecting level of the field circuit of 
the generator is lower than the high level, the in- 
sulation state of the generator can be maintained. 
On the other hand, when the detecting level of the 
field circuit is lower than the low level, the breaker 
of the generator Is shut off and the generator Is 
stopped. 

In reality, the field ground fault relay accord- 
ing to this embodiment comprises an average val- 
ue calculating circuit 21 (or an effective value cal- 
culating circuit 25), two level detecting circuits 
22A and 22B, two operation time delay circuits 
23A and 23B, and two auxiliary relays 24A and 
24B. 

(5) Fig. 17 shows a construction of a field ground 
fault relay according to another embodiment of 
the present invention. 

In this embodiment, two level detecting cir- 
cuits are added to the construction of the em- 
bodiment shown in Fig. 14. 

In reality, the field ground fault relay accord- 
ing to this embodiment comprises an average val- 
u calculating circuit 21, an effective valu calcu- 
lating circuit 25, four level detecting circuits 22A 
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to 22D, two OR circuits, two operation time delay 
circuits, and two auxiliary relays. 

(6) Fig. 1 8 shows a construction of a field ground 
fault relay according to another embodiment of 
the present invention. 

In this embodiment, two level detecting cir- 
cuits are added to the construction of the em- 
bodiment shown in Fig. 15. 

In reality, the field ground fault relay accord- 
ing to this embodiment comprises an average val- 
ue calculating circuit 21 , an effective value calcu- 
lating circuit 25, four level detecting circuits 22A 
to 22D. two AND circuits, two operation state de- 
lay circuits, and two auxiliary relays. 

(7) As other embodiments, the field ground fault 
detectors shown in Figs. 1 to 10 may be used in- 
stead of the average value calculating circuit and 
the effective value calculating circuit of the field 
ground fault relays. 

(8) As another embodiment, an output that repre- 
sents an occurrence of a ground fault of the level 
ratio determining circuit shown in Fig. 1 or the like 
and an output of the operation delay circuit 23 
shown in Fig. 11 orthelikeareANDed by an AND 
circuit. An output of the AND circuit may be sup- 
plied to the auxiliary relay 24 shown in Fig. 11 or 
the like. Since the AND circuit ANDs two outputs, 
the reliability of the shut-off command to the aux- 
iliary relay 24 can be improved. 

Since the ratio of the resistance of a predeter- 
mined resistor and the resistance of a ground fault re- 
sistor is obtained corresponding to the ratio of a vol- 
tage applied between both terminals of the resistor 
and a voltage applied between both terminals of the 
ground fault resistor, the resistance of the ground fault 
resistor is obtained corresponding to the resistance of 
the predetermined resistor. Thus, even if the DC vol- 
tage varies due to any cause, the detecting sensitivity 
of the ground fault can be kept constant 

In addition, even If the present Invention Is ap- 
plied for a field circuit of a generator of a thyristor ex- 
citing type, a field ground fault detector with high per- 
formance that is not affected by a higher harmonic 
voltage contained in an excited voltage and that is 
free of Incorrect detection and no-detection can be 
accomplished. 

Moreover, in the condition that an excited voltage 
is applied, when a ground fault takes place in the P 
side field circuit and the winding portion of the gener- 
ator, If the voltage between the ground fault point and 
the N side field circuit is equal to or higher than a pre- 
determined level and the resistance of the ground 
fault resistor is equal to or lowerthan a predetermined 
value, it can be determined that a ground fault takes 
plac in the P sid field circuit or the winding portion 
of the generator other than the N side field circuit. 
Thus, a ground fault p siti n determining function 
can be added. When a signal that is proportional to 



the ratio of the resistance of the inner resistor and the 
resistance of th ground fault resistor is utput, a 
function for measuring the resistance of the ground 
fault r sistor can b accomplished. 

5 Although the present invention has been shown 
and described with respect to a best mode embodi- 
ment thereof, it should be understood by those skilled 
in the art that the foregoing and various other 
changes, omissions, and additions in the form and de- 

10 tail thereof may be made therein without departing 
from the spirit and scope of the present invention. 



Claims 

15 

1. A field ground fault detector for detecting a 
ground fault of a field circuit connecting a field 
winding of a generator and an exciting circuit 
comprising: 

20 a DC voltage source connected between a 

negative electrode of the field circuit and a 
ground through a predetermined resistor; 

means for extracting a DC component 
from a current component or a voltage compo- 
25 nent supplied from a circuit constructed of the re- 
sistor and said DC voltage source; and 

means for detecting a ground fault corre- 
sponding to the DC component 

30 2. The field ground fault detector as set forth in 
claim 1, wherein said extracting means is a low- 
pass filter. 

3. The field ground fault detector as set forth in 
35 claim 1, wherein said extracting means is an 

average value calculating circuit or an effective 
value calculating circuit 

4. The field ground fault detector as set forth in 
40 claim 1, 

wherein said extracting means comprises 
a first DC voltage extracting circuit for extracting 
. a DC voltage from a voltage applied between 
both terminals of the resistor and a second DC 
45 voltage extracting circuit for extracting a DC vol- 
tage from a voltage applied between the negative 
electrode of the field circuit and the ground, and 
wherein said ground fault detecting means 
is a determining circuit for determining whether a 
so ground fault takes place corresponding to a ratio 
of an output voltage of the first DC voltage ex- 
tracting circuit and an output voltage of the sec- 
ond DC voltage extracting circuit. 

55 5. A field ground fault detector for d tectlng a 
ground fault of a field circuit connecting a field 
winding of a g nerator and an exciting circuit 
comprising: 
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a DC voltage source connected between a 
negative electrode of the field circuit and a 
ground through a predetermined resistor 

a first filter circuit for xtracting a DC vol- 
tage from a voltage applied between both termi- 5 
nals of the resistor a second filter circuit for ex- 
tracting a DC voltage from a voltage applied be- 
tween the negative electrode of the field circuit 
and the ground; and 

a determining circuit for determining 10 
whether or not a ground fault takes place corre- 
sponding to a ratio of an output voltage of said 
f irstf liter circuit and an output voltage of said sec- 
ond filter circuit. 

15 

6. The field ground fault detector as set forth in 
claim 5, wherein said first filter circuit and said 
second filter circuit are low-pass filters for remov- 
ing or attenuating an AC component 

20 

7. The field ground fault detector as set forth in 
claim 5, wherein said determining circuit compris- 
es: 

a dividing circuit for dividing the output vol- 
tage of said second filter circuit by the output vol- 25 
tage of said first filter circuit; and 

a level determining circuit for determining 
that a ground fault takes place when the output 
level of said dividing circuit is equal to or less than 
a predetermined value. $o 

8. The field ground fault detector as set forth in 
claim 5, wherein said determining circuit compris- 
es: 

a dividing circuit for dividing the output vol- 35 
tage of said first filter circuit by the output voltage 
of said second filter circuit; and 

a level determining circuit for determining 
that a ground fault takes place when the output 
level of said dividing circuit Is equal to or less than 40 
a predetermined value. 

9. The field ground fault detector as set forth in 
claim 5, wherein said determining circuit compris- 
es: 45 

an amplifying circuit for amplifying the out- 
put voltage of said first filter circuit to a predeter- 
mined level; and 

a level determining circuit for comparing 
the output level of the output voltage of said am- so 
plif ying circuit and the output voltage of said sec- 
ond filter circuit, and determining that a ground 
fault takes place when the output voltage of said 
amplifying circuit is equal to or higher than the 
output voltag of said sec nd filter circuit 55 

10. Th field ground fault detector as set forth in 
claim 5, wherein said determining circuit compris- 



es: 

an amplifying circuitfor amplifying the out- 
put voltage of said second filter circuit to a prede- 
termined level; and 

a level determining circuit for comparing 
the output level of an output voltage of said am- 
plifying circuit and the output voltage of said first 
filter circuit, and determining that a ground fault 
takes place when the output voltage of said am- 
plifying circuit is equal to or less than the output 
voltage of said first filter circuit 

11. A field ground fault detector for detecting a 
ground fault of a field circuit connecting a field 
winding of a generator and an exciting circuit, 
comprising: 

a DC voltage source connected between a 
negative electrode of the field circuit and a 
ground through a predetermined resistor; 

a first DC voltage extracting circuit for ex- 
tracting a DC voltage from a voltage applied be- 
tween both terminals of the resistor; and 

a ground faujt position determining circuit 
for comparing the output voltage of said first DC 
voltage extracting circuit and the DC voltage 
source, and determining whether or not a position 
of the ground fault is on the negative electrode 
side of the field circuit 

12. A field ground fault detector for detecting a 
ground fault of a field circuit connecting a field 
winding of a generator and an exciting circuit, 
comprising: 

a DC voltage source connected between a 
negative electrode of the field circuit and a 
ground through a predetermined resistor; 

a second DC voltage extracting circuit for 
extracting a DC voltage from a voltage applied 
between the negative electrode of the field circuit 
and the ground; and 

a ground fault determining circuit for com- 
paring an output voltage of said second DC vol- 
tage extracting circuit and a predetermined val- 
ue, and determining whether or not the position 
of the ground fault Is on the negative electrode 
side of the field circuit 

13. A field ground fault detector for detecting a 
ground fault of a field circuit connecting a field 
winding of a generator and an exciting circuit, 
comprising: 

a DC voltage source connected between a 
negative electrode of the field circuit and a 
ground through a predetermined r siston 

a first DC voltage extracting circuit for ex- 
tracting a DC voltage from a voltage applied be- 
tween both terminals of the resistor; 

a second DC voltage extracting circuit for 
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extracting a DC voltage from a voltage applied 
betw en th negative electrode side of the f i Id 
circuit and the ground; and 

a measuring circuit for measuring a resis- 
tance of a ground fault resistance based on a re- 
sistance of the predetermined resistance corre- 
sponding to a ratio of the output voltage of said 
first DC voltage extracting circuit and the output 
voltage of said second DC voltage extracting cir- 
cuit 

14. A field ground fault detector for detecting a 
ground fault of a field circuit connecting a field 
winding of a generator and an exciting circuit, 
comprising: 

a DC voltage source connected between a 
negative electrode of the field circuit and a 
ground through a predetermined resistor, and 

a determining circuit for inputting a voltage 
applied between both the terminals of the resistor 
and a voltage applied between the negative elec- 
trode of the field circuit and the ground and de- 
termining whether or not a ground fault takes 
place corresponding to a ratio of the voltage ap- 
plied between both the terminals of the resistor 
and the voltage applied between the negative 
electrode side of said field circuit and the ground. 

1 5. Afield ground fault relay for determining a ground 
fault of a field circuit connecting a field winding of 
a generator and an exciting circuit, comprising: 

a DC power supply circuit connected be- 
tween a negative electrode of the field circuit and 
a ground through a predetermined resistor; 

a calculating circuit for calculating an aver- 
age value or an effective value of a current that 
flows in said DC power supply circuit and output- 
ting the average value or the effective value; 

a level detecting circuit for generating an 
output when an output of said calculating circuit 
exceeds a predetermined ground fault current de- 
tecting level; 

an operation delay circuit for generating an 
output when an output of said level detecting cir- 
cuit continues for a predetermined time period; 
and 

an output circuit for outputting a shut-off 
command or an alarm command corresponding 
to an output of the operation delay circuit. 

16. The field ground fault relay as set forth in claim 
15, wherein the relay comprises: 

a plurality of the level detecting circuit, 
each of which sets the same or different ground 
fault current detecting levels each other; 

a plurality of the operation delay circuits, 
each of which is adapted for generating an output 
when the output of each of said level detecting cir- 



cuits continues for a pr determined tim period; 
and 

a plurality of the output circuits, each of 
which is adapted for inputting the output of the 
5 corresponding operation delay circuit and output- 

ting an external command corresponding to the 
operated operation delay circuit. 

17. Afield ground fault relay for determining a ground 
10 fault of a field circuit connecting a field winding of 
a generator and an exciting circuit, comprising: 

a DC power supply circuit connected be- 
tween a negative electrode side of the field circuit 
and the ground; 
1 5 an average value calculating circuitfor cal- 

culating an average value of a current that flows 
in said DC power supply circuit and outputting the 
average value; 

an effective value calculating circuit for 
20 calculating an effective value of the current that 
flows in said DC power supply circuit and output- 
ting the effective value; 

a first level detecting circuit for generating 
an output when an output of said average value 
25 calculating circuit exceeds a predetermined 
ground fault current detecting level; 

a second level detecting circuit for gener- 
ating an output when an output of said effective 
value calculating circuit exceeds a predeter- 
30 mined ground fault current detecting level; 

a logical circuit for outputting a logical sum 
output or a logical product output between an out- 
put of said first level detecting circuit and an out- 
put of said second level detecting circuit; 
35 an operation delay circuitfor generating an 

output when an output of said logical circuit con- 
tinues for a predetermined time period; and 

an output circuit for outputting a shut-off 
command or an alarm command corresponding 
40 to an output of said operation delay circuit 

18. The field ground fault relay as set forth in claim 
1 7, wherein said first level detecting circuit com- 
prises a plurality of level detecting circuits for set- 

45 ting the same ordlfferentgroundfaultcurrentde- 
tecting levels each other, 

wherein said second level detecting circuit 
comprises a plurality of level detecting circuits for 
setting the same or different ground fault current 

so detecting levels each other, and 

wherein said logical circuit comprises a 
plurality of logical circuits for outputting a logical 
sum output or a logical product output between 
an output of said first level detecting circuits and 

65 an utput of said second level detecting circuits. 

19. A fi Id ground fault relay for detecting a ground 
fault of a field circuit connecting a field winding of 
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a generator and an exciting circuit and outputting 
- a shut-off command, comprising: 

a DC power supply circuitfor connecting a 
negative electrode of th field circuit and a 
ground through a predetermined resistor; 5 

a first filter circuit for extracting a DC vol- 
tage from a voltage applied between both termi- 
nals of the resistor 

a second filter circuit for extracting a DC 
voltage from a voltage applied between both ter- 10 
minals of the negative electrode of the field circuit 
and the ground, 

a determining circuit for determining 
whether or not a ground fault takes place corre- 
sponding to a ratio of an output voltage of said is 
first filter circuit and an output voltag e of said sec- 
ond filter circuit; 

a calculating circuitfor calculating an aver- 
age value or an effective value of a current that 
flows in said DC power supply circuit and output- 20 
ting the average value or the effective value; 

a level detecting circuit for generating an 
output when an output of said calculating circuit 
exceeds a predetermined ground fault current de- 
tecting level; 25 

an operation delay circuit for generating an 
output when an output of said level detecting cir- 
cuit continues for a predetermined time period; 

an AND circuit for AN Ding an output of said 
determining circuit representing an occurrence of 30 
the ground fault and an output of said operation 
delay circuit, and an output circuit for outputting 
a shut-off command corresponding to an output 
of said AND circuit 

35 
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